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We had earlier reported that thyroxine treatment accelerates gastric ulcer healing while 
thyroidectomy delayed the processes of healing. Thus, this research was carried out to gain 
more insight about the mechanisms by which thyroxine affect ulcer healing. Male albino rats 
(160 – 200g) were used. They were divided into four groups viz: control, thyroidectomised, 
thyroidectomised with thyroxine treatment (100µg/kg/day) and Sham operated animals treated 
with thyroxine. After 35 days of drug treatment and surgery, ulcer was induced in stomach of 
animals using acetic acid method. Animals were sacrificed on days 3, 7 and 10 post ulcer 
induction for ulcer healing assessment. Healing was observed by measuring ulcer depth and 
width, lipid peroxidation and DNA fragmentation during healing. Result showed that by day 
10,  thyroxine treatment significantly decreased the ulcer width and depth by 69.3 ± 1.5% and 
65.7 ± 1.4% (p< 0.01) respectively while thyroidectomy significantly reduced by (34.1 ± 
0.5%) and (35.6 ± 7.5%) (p< 0.05) compared with control (40.5 ± 2.2%) and (53.9 ± 1.6%). 
Thyroxine treated animals had highest reduction in lipid peroxidation (57.0 ± 0.5% [p< 0.001]) 
and the least reduction in thyroidectomised animals (15.7 ± 1.6% [p< 0.05]) as compared with 
control (19.6 ± 1.6%). DNA fragmentation was low in all groups by day 3, but by day 10 the 
higher DNA fragmentation in thyroxine treated animal supports the rapid reduction in ulcer 
dimensions recorded. In conclusion, thyroxine treatment accelerated gastric ulcer healing by 
accelerating mucosa re-epithelization, reduction of lipid peroxidation and apoptotic 
mechanism. 
  





Reactive oxygen species has been implicated in the 
pathogenesis of many diseases in the body including 
gastric ulcer through oxidative damage (Halliwell and 
Gutteridge, 1986). Reactive oxygen species have been 
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reported to be involved in stress (Das et al., 1997), 
nonsteroidal anti-inflammatory drugs (Langman et al., 
1991), H. pylori (Konturek et al., 1999) and acetic acid 
induced ulcer (Olaleye et al,. 2007). Thus lipid 
peroxidation, an important parameter for ·OH-induced 
oxidative damage of membrane, is increased in gastric 
lesions (Pihan et al, 1987; Yoshikawa et al, 1993; 
Yoshikawa et al, 1986; Olaleye et al, 2007). Therefore 
any agent that inhibit generation of reactive oxygen 
species, inhibit lipid peroxidation or generate 
antioxidants to mop up the reactive oxygen species is 
capable of reduce ulcer formation or accelerate the 
process of healing (Rodriguez et al, 2006; Ray et al, 
2002)  
 Wound healing involves a series of rapid increases 
in specific cell populations that prepare the wound for 
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repair, deposit new matrices and finally, mature the 
wound. Upon completing their tasks, these specific cell 
types must be eliminated from the wound prior to the 
progression to the next phase of healing. The most 
logical method of cellular down-regulation is through 
apoptosis. Apoptosis allows for the eliminations of 
entire populations without tissue damage or an 
inflammatory response (Greenhaugh, 1998).  During 
healing, rapid increase in cell proliferation is allowed 
by an initial decrease of apoptosis. Later, when the 
inflammatory process begins to shut down with wound 
closure and scar evolution, there is a dramatic decrease 
of cellularity, which has been clearly shown to be 
mediated by an increase of apoptotic cell death 
(Desmouliere et al, 1995). 
 Studies on the effect of thyroxine on oxidative 
stress revealed that hyperthyroidism and 
hypothyroidism leads to increase generation of 
superoxide radical and hydrogen peroxide (Fernandez 
and Videla, 1993; Yilmaz et al., 2003; Resch et al., 
2002), with resultant increase in lipid peroxidation in 
the liver and testis of rats (Chandra et al., 2010; 
Chattopadhyay et al., 2003). On the other hand, 
Chandra et al., (2010), Sal’nikova and Dubinina, 
(1985) reported that thyroxine treatment increased 
SOD, catalase, glutathione peroxidase and glutathione 
activities in response to oxidative stress, revealing that 
antioxidant status is enhanced in hyperthyroid state. 
Fernandez et al., (1988) however reported that 
hyperthyroid state reduces the activities of SOD, 
catalase and GSH in the hepatocytes and kupffer cells. 
Hypothyroidism is reported to decrease the activity of 
antioxidant defense system (Pasupathi and Latha, 2008; 
Chattopadhyay et al., 2003). 
 We had earlier reported that thyroid hormone is 
important in maintaining the integrity of the 
gastrointestinal tract and that  thyroxine accelerated 
gastric ulcer healing by accelerating inflammatory and 
proliferative phases of healing and increased white 
blood count during healing while thyroidectomy 
delayed these processes (Olaleye et al,. 2013). Thus, 
this research aims to further investigate the mechanisms 
by which of thyroid hormone affect gastric ulcer 
healing by considering the effects of the hormone on 
the histomorphormetry, oxidative stress and apoptotis. 
 
MATERIALS AND METHODS 
 
Drug and Animal Grouping 
Levothyroxine was purchased from Octavis, 
Barnstaple, UK, thiopentone sodium was purchased 
from Rotex Medica, Germany and procaine penicillin 
was obtained from China Medical Medicines, Guorui 
Pharmaceuticals Co. Ltd. 
 Male albino Wistar rats (160 -200g) were obtained 
from animal house, College of Medicine, University of 
Ibadan, Nigeria. They were randomly divided into four 
groups with adequate matching of weight. The animals 
were grouped as follows: Group1, were control, sham 
operated euthyroid rats; group 2 were untreated 
thyrodectomised rats; group 3 were thyroidectomised 
animals treated with thyroxine (T4) at a dose of 
100µg/kg per day p.o for 35 days and group 4 were 
animals Sham operated animals treated with 
thyroxine (100µg/kg per day p.o) for 35 days. They 
were kept in wire meshed cages and fed with standard 
diet of commercial rat chow and tap water ad libitum. 
 
Surgical procedures:  
Sham operation:   
The animals were anaesthetised using 50mg/kg 
thiopentone sodium. A midline incision was made in 
the neck region, the thyroid gland was exposed, but the 
thyroid gland was left intact. The incision was sutured 
back, dabbed with procain penicillin and the animals 
were returned to standard diet and tap water. 
 
Thyroidectomy:  
The animals were anaesthetized using thiopentone 
sodium (50mg/kg). A midline incision was made in the 
neck region, the skin was bilaterally retracted, the 
fascia and the muscle covering the thyroid gland were 
carefully removed, the thyroid gland was then 
extirpated. Care was taken so that the parathyroid 
glands are not removed. The incision was sutured back, 
cleaned with procain penicillin and the animals were 
returned to standard diet and tap water. 
 
Ulcer induction:  
After 35 days drug treatment and post surgery, ulcer 
was induced in the stomach of animals. The rats were 
fasted for 18 h before ulcer induction. Gastric ulcers 
were produced by the method of Wang et al. (1989) 
with slight modifications. Animals were anaesthetised 
using 50mg/kg thiopentone sodium. Laparatomy was 
performed and stomach was exposed.  Acetic acid 
(0.5 ml, 80% vol/vol) was applied to the serosal surface 
of glandular portion of the stomach for 1 minute using 
a 2ml syringe barrel that had been cut and smoothed. 
The acid was removed by aspiration and the area was 
washed with sterile saline. The abdomen was sutured 
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close. Thereafter, the animals were returned to standard 
diet of laboratory chow and tap water. 
 
 
Measurement of Animal Weight 
Each animal was weighed weekly for the total period of 




On days 3, 7 and 10 respectively, five animals were 
randomly picked from each group, each was sacrificed 
by cervical dislocation and their stomachs were 
removed, opened along greater curvature, rinsed with 
normal saline. Stomachs were fixed with 10% formalin, 
small pieces of tissue, including ulcers, were embedded 
in paraffin and sectioned at 5µm in an automated 
microtome, tissues were stained with haematoxylin and 
eosin (Ogihara and Okabe, 1993). Using the 
histological slides prepared, a graticle having 1 to 
100µm calibration was attached to a microscope, and 
the ulcer depth and width were then measured. 
 
Biochemical study (Lipid peroxidation) 
Assessment of lipid peroxidation was carried out 
following the procedure described by Varshney and 
Kale (1990). It is based on the reaction of 
malondialdehyde (MDA) produced during lipid 
peroxidation with thiobarbituric acid (TBA) forming a 
pink coloured MDA-TBA adduct that absorbs strongly 
at 532nm.  Each animal was sacrificed, laparatomy was 
performed and the stomach was brought out. The 
stomach was cut open along the greater curvature, 
rinsed with normal saline, the mucosa of the ulcerated 
area was scraped and homogenised in phosphate buffer 
(tissue to buffer ratio - 1:3), 0.2ml of test sample was 
added to 0.8ml of Tris-KCl (Ajeigbe et al., 2008; Derin 
et al., 2004). The solution was quenched with 0.25ml of 
TCA. 0.25ml of TBA was then added and the solution 
was then incubated for 45minutes at 800C. A pink 
coloured reaction mixture was formed. The reaction 
mixture was then centrifuged at 1400 rpm for 15 
minutes. The absorbance of the supernatant was read at 
532 nm. 




Where E532 = 1.56 x 10-5 
 
Assessment of Index of Apoptosis - DNA 
Fragmentation 
 The gastric mucosa was scraped and homogenized 
by maceration in PBSE (phosphate buffer solution and 
EDTA in the ratio of I EDTA: 24 PBS. Stomach tissue 
(~0.05 g in solution) was digested in a solution 
containing proteinase K (5 ul) added to 1mL of 
digestion buffer (final 0.5 mg/ml), it was then 
incubated at 650C for 2 hours. It was mixed by 
vortexing, then centrifuged at 13,000 rpm for 15 min  
(Iwalokun et al., 2001). Supernatant was transferred 
into new tube. Protein and cell debris was precipitated 
by adding 1/10 volume of sodium acetate, 3M pH 5.2 
(final 0.3M), it was inverted to mix and then incubated 
at -20oC for 20 minutes. After this it was centrifuged at 
13,000 rpm for 20 minutes. Supernatant was then 
transferred into another tube. Nucleic acid was 
precipitated out by adding 98% ethanol (twice vol of 
supernatant). It was inverted to mix and incubated at -
200C for 15 min and then centrifuged at 13,000 rpm for 
15 min. Pellets were washed twice with 70% ethanol by 
spinning at I3,000rpm for 5mins, allowed to air dry and 
then re-suspended in Tris EDTA buffer (Iwalokun et 
al., 2001).  
 Agarose gel (0.8%) was prepared by dissolving 
0.8g of agarose powder in 100 mL of x1 TBE (prepared 
by 1:10 dilution of x10 TBE stock with distilled water). 
The gel was boiled and allowed to cool to 500C before 
adding 50 uL of 1 mg/mL ethidium bromide. After this, 
the ethidium bromide-stained gel was poured into the 
gel casting tray with comb inserted for well creation. 
DNA sample was loaded (8 uL of DNA sample + 2 uL 
Loading buffer) into each well of the gel submerged in 
x1 TBE (pH 8.3) buffer in the electrophoretic tank. The 
circuit was closed and run at 10V/cm for 45 min (Itoh 
et al., 1995). 
 DNA bands were visualized under UV light using a 
UV transilluminator. Photograph of DNA bands was 
taken using a digital camera. The size of DNA was 
extrapolated based on mobilities and sizes of the DNA 
markers co-electrophoresed with the sample. 
 
Statistical Analysis 
Results were expressed as Mean ± SEM, the difference 
between the means was determined using independent 
sample students t-test. The level of statistical 






MDA (Units/mg = 
protein) 
Absorbance X  Volume of mixture 
E532 x volume of sample x mg of protein 
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Total Body Weight 
Result showed that after 35 days of surgery and drug 
treatment, all groups of animal had gained weight. 
Control animals had 22.7 ± 1.7% increase in total body 
weight. Thyroidectomy significantly increased the 
percentage weight gain (29.1 ± 1.8%) (p< 0.05) while 
thyroxine treatment significantly decreased the 
percentage weight gain (18.4 ± 1.2%) (p< 0.05) as 
compared with control (Figure 1.).  
 
Histomorphometry 
Histomorphometry showed that ulcer width in control 
animals was (106.2 ± 5.3 µm) on day 3 post ulcer 
induction. Ulcer width was significantly higher in 
thyroidectomised and throxine treated rats (126.0 ± 4.0 
µm) (p< 0.05) and (176.0 ± 1.9 µm) (p< 0.01) 
respectively as compared with control on day 3 (Table 
1). However, there was significant reduction in ulcer 
width on days 7 and 10 respectively in all groups of 
animals (p< 0.05). Figure 2, showed that on day 7, 
thyroxine treatment significantly decreased the ulcer 
width by 58.5 ± 3.7% (p< 0.01) as compared with 
control animals (21.3 ± 4.6%), the reduction in ulcer 
width in thyroidectomised animals was significantly 
low (13.6 ± 1.7%) (p< 0.05). By day 10, likewise as on 
day 7 thyroxine treatment significantly decreased the 
ulcer width by 69.3 ± 1.5% (p< 0.01) as compared with 
control (40.5 ± 2.2%). The reduction was significantly 
less in thyroidectomised animals (34.1 ± 0.5%) (p< 




Percentage Weight Change in Animals Groups after 35 days of Drug and Surgical Treatment. N= 15, values are mean ± SEM; 




Percentage decrease in ulcer width in Thyroxine Treated and Thyroidectomised Animals after Ulcer Induction as Compared 
With Day 3. N= 5, values are mean ± SEM 
a= significant compared with animals in Control group on same day at p < 0.05. aa= significant compared with animals in 
Control group on same day at p < 0.01 
a 
a aa
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Fig. 3 Percentage decrease in ulcer depth in Thyroxine Treated and Thyroidectomised Animals after Ulcer Induction as 
Compared With Day 3. N= 5, value are mean ± SEM 
a= significant compared with animals in Control group on same day at p < 0.05 aa= significant compared with animals in 
Control group on same day at p < 0.01 
 
Table 1:  
Ulcer width in Thyroxine Treated and Thyroidectomised 
Animals after Ulcer Induction 


































N= 5, value are mean ± SEM. a= significant compared 
control on day 3 at p < 0.05, aa= significant compared 
control on day 3 at p < 0.01, x= significant compared with 
animals in same group on day 3 at p < 0.05, xx= significant 
compared with animals in same group on day 3 at p < 0.01, 
xxx= significant compared with animals in same group on 
day 3 at p < 0.001 
 
 Table 2 showed that the ulcer depth in control 
animals was 34.0 ± 1.9 µm on day 3. The ulcer depth 
was significantly higher in thyroxine treated rats (42.0 
± 1.2 µm) (p< 0.05). By days 7 and 10, respectively, 
ulcer depth significantly decreased in all groups of 
animals (P< 0.05). However on day 7, thyroxine 
treatment significantly reduced the ulcer depth by 47.0 
± 1.2% as compared with control (38.0 ± 2.1%) (p< 
0.05). By day 10, thyroxine treatment also significantly 
reduced the ulcer depth by 65.7 ± 1.4% (p< 0.01) as 
compared with control (53.9 ± 1.6%), while the 
reduction was significantly less in thyroidectomised 
animals (35.6 ± 7.5%) (p< 0.05) as compared with 
control (Figure 3).  
 
Table 2:  
Ulcer depth in Thyroxine Treated and Thyroidectomised 
Animals after Ulcer Induction 
































N= 5, value are mean ± SEM. a= significant compared 
control on day 3 at p < 0.05, aa= significant compared 
control on day 3 at p < 0.01, x= significant compared with 
animals in same group on day 3 at p < 0.05, xx= significant 
compared with animals in same group on day 3 at p < 0.01, 
xxx= significant compared with animals in same group on 
day 3 at p < 0.001 
 
Biochemical study (Lipid Peroxidation) 
On day 3 after ulcer induction, lipid peroxidation was 
significantly higher in thyroxine treated (271.6 ± 9.9 
nmolMDA/mg protein) than in thyroidectomised 
animals (181.3 ± 6.8 nmolMDA/mg protein) (p< 0.001) 
and control (171.4 ± 6.5 nmolMDA/mg protein) (p< 
0.001).  
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Fig. 4  
Percentage reduction in lipid peroxidation after ulcer induction N= 5, value are mean ± SEM a= significant compared with 
animals in Control group on same day at p < 0.05. aa= significant, compared with animals in Control group on same day at p < 
0.01 aaa= significant, compared with animals in Control group on same day at p < 0.001 
 
 
By day 10, control and thyroxine treated rats had a 
significant reduction in lipid peroxidation (P< 0.01, 
0.01) respectively, but there was no significant 
difference in thyroidectomised animals (Table 3). 
However, Figure 4, showed that on day 7, thyroxine 
treatment and thyroxine replacement therapy 
significantly reduced peroxidised lipid by 35.6 ± 2.4 
(p< 0.01) and 15.4 ± 0.7% (p< 0.01) respectively as 
compared with control  (12.4 ± 0.5%).  
 
Table 3: Lipid peroxidation after Ulcer Induction 





































N= 5, value are mean ± SEM, a= significant compared 
control on day 3 at p < 0.001, x= significant compared with 
animals in same group on day 3 at p < 0.05, xx= significant 
compared with animals in same group on day 3 at p < 0.01, 
xxx= significant compared with animals in same group on 
day 3 at p < 0.001. 
 
On day 10, thyroxine treatment and replacement 
therapy further decreased lipid peroxidation by 57.0 ± 
0.5% (p< 0.001) and 23.7 ± 0.6% (p< 0.05) as 
compared with control animals (19.6 ± 1.6%). The 
reduction in lipid peroxidation was significantly less in 
thyroidectomised animals 15.7 ± 1.6% (p< 0.05) as 
compared with control. 
 
Assessment of Index of Apoptosis (DNA 
Fragmentation) 
Plate 1 shows that by day 3 after ulcer induction, there 
was DNA fragmentation in all groups of animals. As 
observed, DNA fragmentation was least in control 
animals and higher in thyroidectomised and thyroxine 
treated animals. Apoptosis was lower in all groups of 
animals on day 3 than on day 7 (Plate 2). By day 10, 
DNA fragmentation reduced in all groups as compared 
with that on day 7. However DNA fragmentation was 
lower in thyroidectomised that in thyroxine treated rats 
by day 10 (Plate 3). 
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Plate 1:  Agarose gel electrophoresis of chromosomal DNAs 
from gastric mucosa cells of acetic acid–induced ulcer in rats 
on day 3 after ulcer induction. M = 50 bp DNA ladder 
(Bioline), A = Control, B = Thyroidectomised, C = 
Thyroidectomised + T4, D = Thyroxine treated  
 
Plate 2  
Agarose gel electrophoresis of chromosomal DNAs from 
gastric mucosa cells of acetic acid–induced ulcer in rats on 
day 7 after ulcer induction. M = 50 bp DNA ladder (Bioline), 
A = Control, B = Thyroidectomised, C = Thyroidectomised 
+ T4, D = Thyroxine treatment  
 
DISCUSSION 
The result of this study further supports the earlier 
finding that thyroxine treatment accelerates gastric 
ulcer healing, while thyroidectomy delays ulcer healing 
(Olaleye et al, 2013). In this study, thyroxine treatment 
significantly decreased ulcer depth and width as 
compared with control animals, while thyroidectomy 
significantly reduced the rate of healing of ulcer. This 
is in line with the report that thyroxine treatment 
accelerates fibroblast proliferation, collagen deposition 
and epithelial cell proliferation, while thyroidectomy 
decreases these processes (Olaleye et al, 2013). This 
claim is also consistent with previous reports about the 
effects of thyroxine on healing in other tissues (organs) 
of the body (Kranz et al, 1976; Talmi et al, 1989; Safer 
et al, 2004, Lennox and Johnston, 1973). The effect of 
thyroxine in reduction of ulcer depth is important 
because depth is an important parameter that actually 
characterizes ulcer - penetrating the muscularis mucosa 
(Tarnaswski, 2000). The ability of thyroxine to 
accelerate healing of ulcer might be due to the ability of 
the hormone to stimulate biochemical process involved 
in cell growth and increase the mitotic activity of cells 
in the digestive system of rat (Adeniyi and 
Oloowokorun, 1989). Hypothyroidism on the other 






Agarose gel electrophoresis of chromosomal DNAs from 
gastric mucosa cells of acetic acid–induced ulcer in rats on 
day 10 after ulcer induction. M = 50 bp DNA ladder 
(Bioline), A = Control, B = Thyroidectomised, C = 
Thyroidectomised + T4, D = Thyroxine treatment  
 
 
 The effects of thyroxine treatment and 
thyroidectomy on body weight in this research are in 
line with earlier reports. Hyperthyroidism leads to 
decrease in weight because thyroid hormone increases 
basal metabolic rate (BMR), which invariably leads to 
increase increased caloric requirements to maintain 
weight. If the person does not increase the calories 
consumed to match the excess calories burned, then 
weight loss ensues (Thyroid and weight, 2014). 
Hypothyroidism on the other hand decreases energy 
expenditure, leading to a slight net gain in energy 
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stores. Body weight increases on average due to an 
increase if body fat and retention of water and salt 
(Wiersinga, 2014) 
 The result of this research also revealed that there 
was lipid peroxidation in all groups of animals on day 
3. This agrees with reports that free oxygen radicals are 
involved in the aetiology of acetic acid induced gastric 
ulceration (Olaleye et al., 2007, Demir et al., 2003). By 
day 10 after ulcer induction, there was greater reduction 
in peroxidised lipid in thyroxine treated rats as 
compared with control, while there was no significant 
change in lipid peroxidation in thyroidectomised 
animals. Experimental and clinical studies suggested 
that the reactive oxygen species have an important role 
in the aetio-pathogenesis of the inflammation and 
ulceration of the digestive tract (Perry et al., 1986, 
Olaleye et al., 2007). This is evidenced by the 
increased oxidative stress by pro-ulcerative factors in 
the gut such as H pylori (Janulaityte-Gunther et al., 
2003), use of non-steroidal anti-inflammatory 
drugs(Rostom et al., 2000), smoking (Ma et al., 2000), 
psychological stress, corticosteroid use (Levenstein, 
1999), and loss of sleep (Guo et al., 2005). 
 
The significantly higher lipid peroxidation in thyroxine 
treated animals on day 3 as compared with control 
animals might be due to the ability of thyroxine to 
increase cellular respiration and thus increase the 
production of reactive oxygen species (Videla, 2000; 
Chandra et al., 2010). The increased oxidative stress 
then increase; size of ulcer and lipid peroxidation. 
However, the accelerated healing found in thyroxine 
treated animals might be due to the antioxidant effect of 
thyroxine (Wynn, 1968). Hence, there was greater 
reduction of lipid peroxidation in thyroxine treated 
animals by day 7 and 10. Authors had earlier reported 
that thyroxine increased the activities of SOD, catalase 
and glutathione peroxidase (Sal’nikova and Dubinina, 
1985; Seven et al., 1996). Chandra et al., (2010) 
reported that thyroxine administration developed 
oxidative stress, but the organism defends itself against 
the effects of oxidative stress by increasing SOD and 
catalase activities as a protective mechanism. The 
insignificant reduction in lipid peroxidation in 
thyroidectomised rats might be due to the decrease 
antioxidant defense system, which had been reported in 
thyroidectomised animals (Pasupathi and Latha, 2008; 
Chattopadhyay et al., 2003), hence there was slower 
rate of healing in this group. 
 The result of this work also agrees with reports that 
apoptosis plays a significant role in gastric ulceration 
(Konturek et al., 1999; Fuji et al., 2000). By day 3, 
apoptosis occurred in the gastric mucosa of all groups 
of animals. Animals in control group showed less DNA 
fragmentation as compared with thyroidectomised and 
thyroxine treated animals. By day 7, apoptosis 
increased in all groups of animals, while on day 10, 
DNA fragmentation reduced in all groups of animals. 
However DNA fragmentation was higher in 
hyperthyroid animals than in hypothyroid animals on 
day 10. The initial decrease in apoptosis was important 
for proliferation to occur. In wound healing when 
healing processes had advanced, granulation tissue 
containing mainly small vessels, inflammatory cells, 
fibroblasts and myofibroblasts are removed by 
apoptosis, at the same time cell proliferation and 
reepithelisation is taking place (Desmouliere et 
al.,1997). Thus the increase in apoptosis on day 10 in 
hyperthyroid animals might be important for faster 
healing process (Desmouliere et al, 1997). Brown, et 
al., (1997) reported that apoptosis might signal the end 
of the inflammatory phase of healing. Cellular activity 
is lower in hypothyroid animals and healing is slow in 
the group, this might be as a result of the reduced 
apoptosis in the group by day 10. Sanchez-Fidalgo et 
al., (2004) reported that agents that reduced apoptosis 
slowed down gastric ulcer. Desmouliere et al., (1997) 
suggested that in cutaneous wounds as well results of 
other laboratories (particularly in lungs and kidney), 
apoptosis is the mechanism responsible for the 
evolution of granulation tissue into a scar. 
 In conclusion, thyroxine treatment accelerates 
gastric ulcer healing by accelerating re-epithelization, 
reducing lipid peroxidation and by apoptotic 
mechanism while thyroidectomy decreases the rate of 





Adeniyi K. O. and Olowookorun M. O. (1989). Gastric 
acid secretion and parietal cell mass: Effect of 
thyroidectomy and thyroxine treatment. Am. J. 
Physiol. 256 (Gastroint. Liver Physiol.) G 975-978. 
Ajeigbe, K.O., Nwobodo, E.O., Oyesola, T.O., Ofusori, 
D.A. and Olaleye, S.B. (2008). Chloroquine 
phosphate potentiates indomethacin and 
HCl/Ethanol-induced gastric mucosa injury in rats. 
Int. J. Pharmacol., 4 (6): 482-486. 
Brown D. L., Kao W. W, Greenhalgh D. G. (1997). 
Apoptosis down-regulates inflammation under the 
advancing epithelial wound edge: Delayed patterns in 
Thyroid and gastric ulcer healing     
 
65    J. Afr. Ass. Physiol. Sci. 2 (1): 2014    Adeniyi et al 
 
 
diabetes and improvement with topical growth 
factors. Surgery;121:372–80. 
Chandra A. K., Sinha S., Choudhury S. R. (2010). 
Thyroxine induced stress and its possible prevention 
by catechin. Indian J Exp Biol. 48(6):559-65. 
Chattopadhyay S., Zaidi G., Das K., Chainy G. B. 
(2003). Effects of hypothyroidism induced by 6-n-
propylthiouracil and its reversal by T3 on rat heart 
superoxide dismutase, catalase and lipid 
peroxidation. Indian J Exp Biol. 14(8):846-9. 
Das, D., Bandyopadhyay, D., Bhattacharjee, M., and 
Banerjee, R. K. (1997). Hydroxyl radical is the major 
causative factor in stress-induced gastric ulceration. 
Free Radical Biol. Med. 23, 8-18. 
Demir S., Yilmaz M.,  Köseoğlu M., Akalin N., Aslan 
D., Aydin A. (2003). Role of free radicals in peptic 
ulcer and gastritis. The Turkish J of Gastroenterol. 
4(1): 39-43. 
Derin N., Izgut-Uysal V. N., Agac A., Aliciguzel Y., 
Demir N. (2004). L-Carnitine protects gastric mucosa 
by decreasing ischemia-reperfusion induced lipid 
peroxidation. J of Physiology and Pharmacology:55 
(3); 595- 606. 
Desmoulière A., Badid C., Bochaton-Piallat M. L., and 
Gabbiani G. (1997). Apoptosis during wound 
healing, fibrocontractive diseases and vascular wall 
injury. Int J Biochem Cell Biol 29: 19–30. 
Desmoulière A., Redard M., Darby I., and Gabbiani G. 
(1995). Apoptosis mediates the decrease in cellularity 
during the transition between granulation tissue and 
scar. Am J Pathol 146: 56–66. 
Fernandez V. and Videla L.A. (1993). Influence of 
hyperthyroidism on superoxide radical and hydrogen 
peroxide production by rat liver submitochondrial 
particles. Free Radic. Res. Commun. 18, 329– 335. 
Fernandez V., Llesuy S., Solari L., Kipreos K., Videla 
L.A., Boveris A. (1988). Chemiluminescence and 
respiratory responses related to thyroid hormone-
induced liver oxidative stress. Free Radic. Res. 
Commun.5, 77– 84. 
Fuji, Y., Matsura, T., Kai, M., Matsui, H., Kawasaki, 
H., and Yamada, K. (2000). Mitochondrial 
Cytochrome c Release and Caspase-3-Like Protease 
Activation During Indomethacin-Induced Apoptosis 
in Rat Gastric Mucosal Cells. Proc. Soc. Exp. Biol. 
Med. 224, 102-108 
Greenhaugh D.G. (1998). "The role of apoptosis in 
wound healing". The International Journal of 
Biochemistry & Cell Biology 30 (9): 1019–1030. 
Guo J. S., Chau J. F., Cho C. H., Koo M. W. (2005). 
Partial sleep deprivation compromises gastric 
mucosal integrity in rats. Life Sci; 77: 220-229. 
Halliwell B. and Gutteridge J. M. C. (1986). Oxygen 
free radical and iron in relation to biology and 
medicine: some problem of concepts. Arch Biochem 
Biophys; 246(2): 501–514. 
Itoh G., Tamura J. Suzuki M., Suzuki Y., Ikeda H., 
Koike M., Nomura M., Jie T., Ito K. (1995). DNA 
fragmentation in human infracted myocardial cells 
demonstrated by the nick end labeling method and 
DNA agarose gel electrophoresis. Am J Pathol; 
146(6):1325-31 
Iwalokun B. A., Adewole T. A., Adeiga A. A., 
Odunukwe N. N., Akinrinmisi E. O. (2001). 
Comparative analysis of DNA fragment lenth 
polymorphs at a β-globin gene locus of human rhesus 
monkey and guinea pig by PCR. Nigerian journal of 
Biochemistry and Molecular Biology. 16:1-5. 
Janulaityte-Gunther D, Gunther T, Pavilonis A, 
Kupcinskas L. (2003). What Bizzozero never could 
imagine - Helicobacter pylori today and tomorrow. 
Medicina (Kaunas) 2003; 39: 542-549. 
Kobayashi T, Ohta Y., Yoshino J., Nakazawa S. 
(2001). Teprenone promotes the healing of acetic 
acid-induced chronic gastric ulcers in rats by 
inhibiting neutrophil infiltration and lipid 
peroxidation in ulcerated gastric tissues. Pharmacol 
Res. 43(1):23-30. 
Konturek, P. C., Brzozowski, T., Konturek, S. J., Pajdo, 
R., Konturek, J. E., Kwiecien, S., Taut, A., and Hahn, 
G. E. (1999). Apoptosis in gastric mucosa with 
stress-induced gastric ulcers. J. Physiol. Pharmacol. 
50, 211-225. 
Kranz D., Hetch A., Fuhrmann I. (1976). The influence 
of hyperthyroidism and hypothyroidism on the 
wound healing of experimental myocardial infarction 
in the rat. Exp. Pathol. (Jena). 12(3-4):129-36. 
Langman, M. T. S., Brooks, P., Hawkey, C. J., 
Silverstein, F., and Yomans, N. (1991). Non-steroid 
anti-inflammatory drug associated ulcer: 
epidemiology, causation and treatment. J. 
Gastroenterol. Hepatol. 6, 442-449. 
Lennox J. and Johnston I.D. (1973). The effect of 
thyroid status on nitrogen balance and the rate of 
wound healing after injury in rats. Br J Surg. 60:309. 
Levenstein S. (1999). Peptic ulcer at the end of the 20th 
century: biological and psychological risk factors. 
Can J     Gastroenterol; 13: 753-759. 
Ma L., Wang W. P., Chow J. Y. C., Yuen S. T., and C. 
H. Cho C. H. (2000). Reduction of EGF is associated 
Thyroid and gastric ulcer healing     
 
66    J. Afr. Ass. Physiol. Sci. 2 (1): 2014    Adeniyi et al 
 
 
with the delay of ulcer healing by cigarette smoking. 
Am. J. Physiol. Gastrointest Liver Physiol. 278: G10 
– G17.  
Ogihara Y, Okabe S. (1993) Effect and mechanism of 
Sucralfate on healing of acetic acid induced gastric 
ulcers in rats. J Physiol Pharmacol; 44:109-18. 
Olaleye S. B., Adaramoye O. O., Erigbali P. P., 
Adeniyi O. S. (2007): Lead Exposure Increases 
Oxidative Stress in HCl/Ethanol-Exposed Rats 
Gastric Mucosa. World Journal of Gastroenterology; 
13(38):5121-6. 
Olaleye S.B, Adeniyi O.S and Emikpe B.O. (2013). 
Thyroxine Accelerates Healing of Acetic Acid-
Induced Gastric Ulcer in Rats.  Arch. Bas. App. Med. 
1: 77 - 85   
Pasupathi P. and Latha R. (2008). Free Radical Activity 
and Antioxidant Defense Mechanisms in Patients 
with Hypothyroidism. Thyroid Science 3(12):CLS1-
6. 
Perry M. A., Wadhwa S., Parks D. A., Pickard W., 
Granger D. N. (1986). Role of oxygen radicals in 
ischemia-induced lesions in the cat stomach. 
Gastroenterol; 90: 362-367.  
Pihan G., Regillo C., and Szabo S. (1987). Free radicals 
and lipid peroxidation in ethanol- or aspirin-induced 
gastric mucosal injury. Dig. Dis. Sci. 32, 1395-1401. 
Ray A., Chaudhuri S. R., Majumdar B. and 
Bandyopadhyay S. K. (2002). Antioxidant Activity 
of Ethanol Extract Of Rhizome of Picrorhiza Kurroa 
on Indomethacin Induced Gastric Ulcer During 
Healing. Indian J of Clin Biochem: 17(2);44-51. 
Resch U., Helsel G., Tatzber F., and Sinzinger H. 
(2002). Antioxidant status in thyroid disfunction. 
Clin. Chem. Lab. Med., 40:1132-1134. 
Rodriguez J A, Theoduloz C., Yanez T. Becerra J., 
Schmeda-Hirchmann G. (2006). Gastroprotective and 
ulcer healing effects of ferruginol in mice and rats: 
assessment of its mechanism of action using in vitro 
models. Life Sci; 78(21):2503-9. 
Rostom A, Wells G, Tugwell P, Welch V, Dube C, 
McGowan J. (2000). Prevention of chronic NSAID 
induced upper     gastrointestinal toxicity. Cochrane 
Database Syst Rev; CD002296. 
Safer J.D., Crawford T.M., Holick M.F. (2004). A role 
for thyroid hormone in wound healing through 
keratin gene expression. Endocrinol. 145:2357–2361. 
Sal’nikova L. A. and Dubinina E. E. (1985). Effect of 
thyroxine on methemoglobin content and the activity 
of antioxidant enzymes of human erythrocytes in 
vitro. Probl Endokrinol (Mosk). 31(1):81-4. 
Sanchez-Fidalgo S, Martin-Lacave I., Illanes M., 
Motilva V. (2004). Angiogenesis, cell proliferation 
and apoptosis in gastric ulcer healing.Effect of a 
selective cox-2 inhibitor. Eur J Pharmacol 28:505(1-
3):187-94. 
Seven A., Seymen O., Hatemi S., Hatemi H., Yigit G., 
Candan G. (1996). Antioxidant status in experimental 
hyperthyroidism: effect of vitamin E 
supplementation. Clin Chim Acta. 256(1):65-74. 
Talmi Y. P., Finkelstein Y., Zohar Y. (1989). 
Pharyngeal fistulas in post operative hypothyroid 
patients. Ann. Otol. Rhinol. Laryngol. 98 (4 pt 
1):267-8. 
Tarnawski A. (2000). Molecular mechanism of ulcer 
healing. Drug News & Perspective 13:158-168. 
Thyroid and weight. www.thyroid.org. (last assessed 
date on 2014 July 2nd) 
Varshney R. and Kale R. K. (1990). Effects of 
Calmodulin Antagonists on Radiation-induced Lipid 
Peroxidation in Microsomes. Int. J. Rad. Biol., 58: 
733 – 743. 
Videla L.A. (2000). Energy metabolism, thyroid 
calorigenesis, and oxidative stress: functional and 
cytotoxic consequences. Redox Rep. 5, 265– 275. 
Wang, J.Y., Yamasaki S., Takeuchi K., and Okabe S. 
(1989). Delayed healing of acetic acid-induced 
gastric ulcers in rats by indomethacin. Gastroenterol 
96: 393-402, 1989. 
Wiersinga W. M. Adult hypothyroidism. Thyroid 
disease manager. 
 http://www.thyroidmanager.org/chapter/adult-
hypothyroidism/. Last Updated: March 28, 2014. 
Wynn James (1968). Antioxidant function of thyroxine 
in vivo. Endocrinol 83 (2):376-378. 
Yilmaz S., Ozan S., Benzer F., and Canatan H. (2003). 
Oxidative damage and antioxidant enzyme activities 
in experimental hypothyroidism. Cell Biochem. 
Funct., 21(4):325-330. 
Yoshikawa, T., Miyagawa, H., Yoshida, N., Sugino, S., 
and Kondo, M. (1986). Increase in lipid peroxidation 
in rat gastric mucosa lesions induced by water-
immersion restrained stress. J. Clin. Biochem. Nutr. 
1, 271-277. 
Yoshikawa, T., Naito, Y., Kishi, A., Tomii, T., Kancko, 
T., Iinuma, S., Ichikawa, H., Yasuda, M., Takahashi, 
S., and Kondo, M. (1993). Role of active oxygen, 
lipid peroxidation, and antioxidants in the 
pathogenesis of gastric mucosal injury induced by 
indomethacin in rats. Gut 34, 732-737. 
 
 
Thyroid and gastric ulcer healing     
 
67    J. Afr. Ass. Physiol. Sci. 2 (1): 2014    Adeniyi et al 
 
 
 
 
